People's decisions of residential mobility in housing market and decisions of job change in labor market play an essential role in the formation and dynamics of urban spatial structure. This paper investigates the relationship between residential relocation and job change and its heterogeneity using a large-scale survey of residential living satisfaction and preferences in Beijing. Several conclusions are drawn as follows: 1) People's decisions of residential mobility are significantly positively correlated with their decisions of job change, indicating that these two-dimensional decisions are in fact a correlated decision process rather than two independent decision processes. 2) There is heterogeneity in the correlated decisions of residential mobility and job change. More specifically, the interrelationship between the decisions of residential mobility and job change among people without Beijing hukou, renters and single-worker households is more intensive than people with Beijing hukou, homeowners and multi-worker households. In addition, there is heterogeneity in the determinants of residential relocation and job change between groups with different types of housing tenure, household registration status and family employment structure. 3) For renters, commuting time can significantly increase the probability of residential relocation, which indicates that residents of different socioeconomic attributes have very different responses to commuting time costs.
Introduction
Living and working spaces are two important components of urban spatial structure. Residential location choice and residential mobility has attracted attentions from a wide range of fields such as sociology, urban economics and geography. Residential migration, generally considered to be a behavior of residents within a single housing market, is the process of residents adjusting their housing according to the gap between current housing conditions and housing demands or expectations (Brown et al., 1970 , Rossi, 1955 . Various family structure factors such as an increase of family size, formation of new families, divorce, and retirement have important impacts on migration (Clark et al., 1982 , Ermisch, 1999 , Li et al., 2001 , Aassve et al., 2007 . In addition, house equity is directly associated with the cost of housing adjustment. The adjustment costs for house owners are larger than renters and so is the degree of dissatisfaction that house owners can endure. Thus, the possibility of residential migration for owners is less than that for renter, ceteris paribus (Clark et al., 1999 ). Resident's family employment structure , contextual factors of residential community (Lee et al., 1994 , Rabe et al., 2010 , housing market supply constraints ( Van et al., 1998) and other institutional factors are also found to be significant factors of residential mobility. However, only a few studies focus on the relationship between job changes and residential migration. Clark and Withers (1999) found that given other factors, job change is an important predictor of residents' housing adjustment decisions. When individuals' workplaces and residences are distantly separated geographically, residents are likely to adjust their residences to minimize commuting time (Clark et al., 1980, Clark and . These studies, however, regard changes of workplaces as an exogenous factor, then investigate their impacts on residential mobility, ignoring the possible interaction or synergy between decisions of job change and residential migration. Waddell (1993) found that resident's decision on job change is not exogenous to residential location choices. Similarly, Ross (1998) demonstrated that residential housing adjustments in the housing market and changes of jobs are interlinked. Zax (1987 Zax ( , 1991 Zax ( , 1994 argues that due to resident's commuting behavior and the existence of other unobservable personal attributes, residential migration and job changes are interrelated. Under the hypothesis of a single-centered urban structure, there exists a substitution mechanism between residential migration and changes of workplace. In order to shorten commuting time and reach a new equilibrium, residents can either make housing location adjustments, or change their original jobs. On the basis of searching theory, Van Ommeren et al. (1996 , found a positive relationship between job changes and residential relocation solely linked by residents' commute time. Once this factor is controlled, residential migration and job change become two independent decision-making processes. Nonetheless, most of these studies do not consider the impacts of home equity and family employment structure on the joint decisions of job change and residential relocation. More importantly, the potential heterogeneity in relationships between residential mobility and job change decisions (i.e. difference in decisions among residents belonging to different socioeconomic groups) is not taken into account. On the background of urban economic reconstruction, decentralization of jobs and emerging polycentric urban spatial structures in current metropolitan areas, two research questions are of great importance and interest. What is the relationship between residential migration and changes in workplace? And is there heterogeneity in this relationship?
Transitional Chinese cities are suitable cases to answer the above questions. China's urban transformation not only includes institutional transformation but also includes the transformation of social space and is a relatively complex ongoing process (Wu et al., 2007) .
Gradual reforms of the housing system, establishment of a land compensation system and the disintegration of the unit system have dramatically changed Chinese urban spatial structure. Current investigations of housing choices, residential mobility and changes of jobs and workplaces focus on several Chinese metropolitan areas such as Beijing (Feng et al., 2004) , Guangzhou (Zhou et al., 2010) , Shanghai (Liu et al., 2014) , Shenzhen (Shi et al., 2000) , Tianjin (Chai et al., 2000) , Dalian (Cao et al., 1998) and Shenyang (Zhou et al., 1997) . The methodology used in this study includes empirical research methods such as questionnaires, combined with official statistics such as census data and application of advanced statistical models. In domestic migration research, except for variables indicated by traditional urban economics and sociology theories arising from studies of developed countries such as age, income, family structure, institutional factors such as Chinese work units, household registration system (Hukou) are attracting more and more attention (Zhou, 1996 , Wang, 2000 . Through analyses of macro data from statistical yearbooks and analyses of micro survey data in Shanghai, Guangzhou, Xi'an, Tianjin, Shenzhen, Dalian and Beijing, previous research found that housing needs of the majority of urban households were not sufficiently met. Low population mobility and migration is mainly due to the institutional factor of allocation of housing units and to the psychological factor of "unit complex" (Li, 2006) . Research on urban residents' change of workplaces is quite limited with a focus on migrant workers and some special groups (Hu et al., 2011) . Comprehensive analyses of residential and employment conditions of urban residents focus on testing the spatial match/mismatch hypothesis (e.g., Zheng et al., 2007) . Song et al. (2007) found that industrial suburbanization and residential suburbanization were not synchronized, and job and residence separation created an employment space dislocation. Zhou and Yan (2006) took Guangzhou as an example, analyzed Guangzhou's employment-residence balance and macro level spatial organization pattern of them. However, there is not much literature on the interaction mechanism between residential migration and job change decisions under the background of transitional Chinese cities. This is due to the fact that these studies either consider job change as an exogenous variable in the residents' life course (Liu et al., 2007; Li, 2004) or discuss changes of urban employment/residential spatial structures caused by residential migration and work change (Liu et al., 2009; Liu et al., 2011; Zhang et al., 2003; Zheng et al., 2005; Meng, 2009) .
Based on this, with Beijing as a case study, we attempt to answer two questions: 1) are the residential migration decision and the job change decision independent of each other, or are they a synergistically interacting decision-making process? 2) If it is a synergistic decision-making process, how do home equity, household registration system and family employment structure impact this collaborative decision-making process? Through this study, we aim to understand the macroscopic evolution of urban spatial structure from a micro perspective and to provide a scientific and rational decision-making basis for the government to guide urban spatial structure adjustment and optimization.
Theoretical basis and econometric model
In order to directly express the relationship between the decision-making processes of residential migration and work change, we express the marginal probability of residential mi-gration P(M) as:
( 1) where P(M∩Q) is the joint probability of residential migration and job changes, and P(M∩NQ) is the joint probability of residential migration and no job change.
where P(Q) is the marginal probability of job changes, P(Q|M), P(M|Q), P(NQ|M) and P(M|NQ) are conditional probabilities. As can be seen from equation (2) and (3), the probability of residential migration is directly associated with the probability of work changes. Similarly, we can take the work change probability P(Q) and use the same method to express the marginal probability and conditional probability function for residential migration, indicating that residential migration and job changes are an interrelated decision-making process.
Only by regarding the two decisions as a synergistic decision-making process can we more accurately identify factors of individuals' residential relocation and job change decisions. On the basis of the above theories, we employ the bivariate discrete choice model for studying the synergistic decision-making process of residential migration and job changes. The bivariate discrete choice model considers the two decision-making processes as a joint decision-making process by assuming that the random errors from the residential migration decision-making equation and the job change decision equation to be correlated. This model can be expressed as:
Equations (4) and (5) respectively show the residential migration equation and job change equation, Zi represents residents' age, income and education level attributes, Hi represents housing tenure attributes, Ii represents household registration system attributes, Oi represents types of occupation of each resident, including government, state-owned enterprises, teachers and researchers, technology-intensive occupations, labor-intensive occupation and freelancers, and Ci represents one-way commuting time before residents changing residences or jobs.
єiR and єiJ denote the random error term in the residential mobility equation and the job change equation, cov (єiR, єiJ)=0 describes residential migration and job changes as two independent decision-making process, cov (єiR, єiJ)≠0 describes residential mobility decisions and job change decisions as interrelated or as a joint decision-making process. This article assumes that the random error terms of the residential mobility and job change equations follow a two-dimensional normal distribution (N2[0, 0, 1, 1, ρ]). The Bivariate Probit model is used to estimate the two equations simultaneously, while a statistical test of ρ=0 verifies whether residential migration and work change are a synergistic decision-making process.
Data and model variables
Data used in this paper are from the 2009 Beijing urban living environment assessment and preference questionnaire which is conducted mainly through a stratified sampling strategy based on the population density distribution in Beijing (Figure 1) . The questionnaire includes each respondent's residential and work status, commuting time, choices of transport mode, residential migration in the last five years, job changes, income, current residential location, age, gender, education level, family employment structure and other socioeconomic status attributes. In total, 8749 questionnaires were issued and there were 5089 valid ones. For the purpose of this study, samples without complete information on residential mobility and job change in the last five years are further deleted. Respondents who are retired and thus do not have job change decisions, as well as respondents whose residential relocation decisions are (negatively) made due to government infrastructure development and urban renewal, are also excluded. The final sample size is 2074 and simple statistical descriptions of the data and variables are shown in Table 1 . 
Model estimation results
In this section, bivariate probit models are employed to estimate equations (4) and (5) simultaneously and to test the inter-correlation of residents' residential migration and work change decisions. Furthermore, in order to analyze the heterogeneity in the decision-making processes of residents with different socioeconomic backgrounds, the entire sample was divided into different groups, namely, homeowners and renters, people with or without Beijing residence permit (Hukou) and families with a single worker or multiworkers. These sub-samples were further estimated separately.
Overall results
Tables 2-4 show the model estimation results. In terms of the correlation between decisions of residential mobility and job change, we find that the correlation coefficients (ρ) are highly significant (99% confidence level) in all models except for Model 2 in which the correlation coefficient is significant at 95% confidence level. The statistical tests for the independence between decisions of residential migration and work change (Likelihood test of independence) show that simultaneous estimation of the two decision-making processes provides a significantly better model fit when compared to separately estimating the two decisionmaking processes. This indicates that decisions of residential relocation and job change are interacting with each other and thus a synergistic decision-making process.
The random error terms of the residential migration equation and the job change equation have a significant positive correlation, indicating that in the restructuring of urban space in Beijing, there is a mutually reinforcing mechanism between residents' housing adjustment in the housing market and work adjustment in the labor market. This is in contrast with findings from Zax (1991 Zax ( , 1994 ) that regard residential migration and job change as a substitution process, that is, resident tends to achieve at a new spatial equilibrium either by adjusting the location of their residence or changing jobs to shorten commuting costs, under the assumption of a single-centered urban spatial structure.
Moreover, there is significant heterogeneity in terms of the intensity of the link between decisions of residential mobility and job change among people with different characteristics. The extent of interdependency of the two decision-making processes of residents without formal Beijing household registration (migrants), rental households and single worker families is much larger than that of local Beijing residents, homeowners and multi-worker families (Tables 2-4). The household registration system is an important institutional factor that can impose strong constraints on individuals' decisions in the housing market and labor market especially for migrants. For example, besides the fact that non-residents of Beijing cannot enjoy various social benefits enjoyed by permanent residents of Beijing, with respects to home ownership purchase especially in state-owned enterprises and institutions, migrants are subject to much larger constraints compared to local residents. Migrant workers with low levels of education are more likely to move with changes of jobs or to change jobs if their residences change. The probability of a simultaneous adjustment of jobs and housing location is high for rental households due to the low cost of housing adjustment. Once the rental households find more suitable houses in the housing market, the probability of adjusting their original workplaces is also high due to the consideration of reducing commut ing costs and reaching a new spatial equilibrium. It can be expected that for renters without Beijing household registration, the positive correlation between decisions of residential relocation and job change will be considerably large. For multi-worker families, the cost of housing adjustment will be large and family members' general spatial equilibrium factors are more complex (Clark et al., 1999 , so the residential migration and job changes affect each other less strongly than in single worker families. 
Group results
From bivariate probit model estimation results (Model 1 to Model 7), it can be seen that people aged 40-50 have a statistically significant lower probability of relocating residences and changing jobs than residents under 30. This situation is particularly evident for homeowners, renters, Beijing household registration holders, and multi-worker families. This is mainly because for residents aged 40-50, their work proficiency, status in the workplace and loyalty to the work unit will gradually increase, leading to a weak motivation of job changes (Bartel, 1979) . Residents with Beijing household registration in multi-worker families also have such stability characteristics, and therefore are less motivated to take decisions of residential migration.
In the bivariate probit model for renters (Model 3), high-income families tend to have a lower probability of residential relocation and job change than families with low monthly income. However, in other models, family income does not have significant influences in the probability of residential migration. This is possibly because of the correlations between the income variable and age, level of education and home equity variables. Residents with a bachelor or postgraduate degree tend to have a significantly larger probability of residential migration than those only finishing high school or lower level education. Surprisingly, education does not have a significant effect on the decision of job change. Probability of changing jobs for residents in a technology-intensive industry and freelancers is significantly larger than that of residents who work in government or state-owned enterprises.
The impact of the household registration system on residents' housing and workplace adjustments is statistically significant at the 99% confidence level. Residents with Beijing household registration have a smaller probability of residential migration or work change than migrants. Home equity is also an important factor of residential migration and job change decisions: the probability of changing residences and jobs for homeowners is significantly lower than that for renters, which is in accordance with findings in Li (2004) .
Commuting time has no significant effects on the adjustments of residences and jobs in most model specifications except for Model 3 and Model 6 in which commuting time exerts significant influences on the probability of residential migration for renters and single-worker families. This indicates that in the context of transitional Beijing, residents with different socioeconomic characteristics can have varying responses to changes of commuting time. For rental households and single-worker families, housing adjustment costs are relatively small when compared to other residents.
An explanation on the heterogeneity in the synergistic decision-making process
In the period of a planned economy, for most of urban residents, employment in a work unit usually means a lifelong insurance and thus mobility in labor market was very rare. After the policy of reform and opening up, the original system of lifetime employment was gradually challenged by a market mechanism, and labor market mobility became more frequent. Changes of jobs or workplaces can induce people to choose new residences that are in close proximity of their new workplace. In terms of causes of residential mobility, in the context of a transitional market oriented economy, family housing demand, institutional factors and environmental pressure are three most important reasons . This is in contrast with traditional residential relocation theories that regard the mismatch between current housing conditions and future housing expectation to be the most important factor of residential mobility.
In the interdependent decision-making processes of residential mobility and job change, differences in housing equity, family employment structure and household registration condition cause a heterogeneity effect: the intensity of correlations between the two decision processes vary significantly among different groups of residents. Household registration system is an important institutional factor, imposing significant constraints on residents' behaviors in the housing and labor markets. There are many types of social benefits for permanent urban residents that are not equally enjoyed by non-registered residents (migrants) in Beijing. Multi-worker families face a more complex situation when considering changes of residences and jobs because of further considerations of children's education and medical care services for the elderly (Clark et al., 1999) .
Conclusions and discussion
Based on a large survey data, this paper employs bivariate probit modelling approach to investigate the dependence between decisions of residential relocation and job change and to explore the possible heterogeneity effect in the two decision-making processes. Several con-clusions are as follows:
(1) Decisions of residential migration and job change are inter-correlated (the correlation coefficients between two decision-making processes are highly significant), and thus housing adjustments residents make in the housing market and work adjustments in the labor market have a positive feedback mechanism.
(2) There is significant heterogeneity in the synergistic decision-making process among groups of residents with different socioeconomic characteristics. The household registration system has a strong impact on the interaction between the residential migration decision and the job change decision. The degree of interaction for migrants is much larger than for residents with Beijing household registration. This indicates that the probability of changes in housing for migrants will be much higher than permanent residents once job change occurs and vice versa, which is perhaps one of the reasons for the currently high turnover of housing and jobs in the migrant population in Beijing. Similarly, the link between decisions of residential mobility and job change for renters and single-worker families is stronger than that for homeowners and multi-worker families.
(3) Commuting costs only play a significant role in the residential decisions of rental households, indicating that residents of different socioeconomic attributes have quite different responses to commuting time. When there are exogenous shocks resulting in an increase of commuting time for rental households, residents tend to adjust their existing houses rather than workplaces to shorten commuting time and reach a new spatial equilibrium.
